Introduction
Tertiary phosphine oxides are known to possess the highest complex-forming ability am ong neu tral phosphoryl com pounds [1] [2] [3] . They have been used for the preparation o f great num ber o f metal complexes and have been applied as extractants in preconcentration and/or separation o f metal ions [2] [3] [4] [5] .
Dim ethyl(phthalimidom ethyl)phosphine oxide (DPPO, L) has been first reoported as a potential ligand in ref. [6] . A series of DPPO complexes with some p-, d-and f-elements have been synthesized and characterized. N o data on zinc coordination compounds with this ligand have been reported.
The present paper reports the preparation and characterization of DPPO complexes with some zinc salts. Zinc complexes are o f special interest since some of them are known to be used as flameretardant additives to polymer m aterials [7, 8] 
Starting materials
DPPO has been synthesized as described else where [9] . The zinc salts ZnCl2, ZnB r2, Z n l2 and Z n (N 0 3)2-6 H 20 and the solvents used were A R grade reagents.
Preparation o f the complexes
All the complexes (see Tables I and II) were pre pared by mixing solutions o f stoichiometric am ount of the ligand and the corresponding zinc salt in dry ethanol at room tem perature. The li gand solution was added to the zinc salt solution on stirring and the resulting m ixture agitated for 1 -2 h. The obtained white crystalline precipitate was filtered and washed twice with dry ethanol. The isolated crude product was recrystallized from dry m ethanol and dried in vacuo at 8 0 -9 0 °C. The yields are listed in Tables I and II .
Analyses
The elemental analyses for C, H, N and halo gens were performed according to standard microanalytical procedures. The phosphorus content was determined as described in ref. [10] and the zinc content was determined complexometrically.
Physical measurements
Melting points were measured on a Boetius ap paratus and are uncorrected.
Infrared spectra (200-4000 cm -1) were recorded on a Perkin Elmer-983 spectrophotom eter as Csl discs. 'H N M R spectra were taken on a Bruker WM-250 spectrometer at 250 M H z in CH 3C N -d 3 at norm al probe tem perature using tetramethylsilane as internal standard.
The X-ray diffraction analysis was carried out on a D RON-3 powder diffractometer using Ni-filtered C uK a-radiation.
Results and Discussion
The DPPO ligand is a stable nonhygroscopic organophosphorus com pound soluble in polar and non-polar organic solvents [9] , The solubility of the ligand allowed the preparation o f the com plexes by direct reaction o f the metal salt with the ligand in an appropriate solvent [4] :
where X = Cl, Br, I or N 0 3.
Dry ethanol was chosen as a suitable solvent for the interaction between zinc salts and DPPO since the initial com pounds are dissolved in it while the resulting complexes are sparingly soluble. M ore over under the selected conditions (room tem pera ture, constant stirring, order of addition of the re gents) no dehydration, anhydrous metal salts and precautions against moisture are required. This consideration was confirmed in the synthesis of Z n (N 0 3)2L2 where the starting zinc salt was a hexahydrate.
As seen from Table I , regardless of the zinc salt to ligand mole ratio in the reaction mixture, com plexes with the 1:2 metal to ligand ratio were ob tained. The yield of the final product calculated against the total am ount o f reagents (Table I , col umn 2) correlated very well with the yield calculat ed supposing that independently of the mole ratio of the reagents the complex formed is of the for mula ZnX 2L2 (Table I, column 3) . The results of elemental analyses (Table II ) also indicate that the stoichiometry of the complex obtained is expressed by the general formula ZnX 2L2, the latter being in agreement with data available on the composition of the complexes o f zinc halides, zinc nitrate and zinc thiocyanate with various tertiary phosphine oxides [4, 5, [11] [12] [13] [14] [15] [16] .
The four isolated complexes are white, crystal line, nonhygroscopic products. Zinc halide com plexes form prismatic crystals, while the zinc ni trate complex crystallized as plates. The complexes are stable and do not absorb m oisture when ex posed to air at room tem perature for about 2 months. ZinI2L2 was the only product that slightly changed its colour from white to pale yellow (probably partial evolution of iodine).
All the complexes are water-soluble, insoluble in non-polar organic solvents and sparingly soluble in lower alcohols and polar solvents such as ace tone, nitromethane, dimethylformamide and acetonitrile.
Infrared Spectra
The infrared spectra confirm the assumed struc ture of the complexes (Table III) . They offer evi dence that the metal ion is four-coordinate.
The bands of the phosphoryl group appear at 1112-1163 cm"1. The bands at about 1298-1300 cm -1 are assigned to methyl groups bonded to phosphorus, and those at 721 cm -1, 1380-1391 cm -1, 1708-1712 cm "1 and 1765-1775 cm "1 to the phthalimide ring [9, [12] [13] [14] [15] [16] [17] [18] . In the complexes the phosphoryl stretching band is shifted to lower fre quences by 14-65 cm "1, which is an indication that the zinc ion coordinates to DPPO through the phosphoryl group. The observed shift is in agree ment with the available data on the effect o f complexation upon the P -O stretching frequencies in phosphine oxides [4, [12] [13] [14] [15] .
It is noteworthy that in the complexes the phos phoryl stretching band is split into a doublet. Such a splitting has been observed in the spectra o f a number of complexes with phosphoryl ligands [5, [13] [14] [15] 19] . Some authors, however, suggested that the lower frequency band should not be attri buted to "phosphoryl absorbance" [15] . Table III The metal-oxygen frequency v(Z n-O ) is of in terest with regard to the structure of the complexes [4, 5, 13, [20] [21] [22] [23] , As seen from Table III the spectra of the complexes exhibit two bands at 365-367 cm "1 and 419-421 cm -1 which are absent in the spectrum of the ligand and can be assigned to Z n -O stretching vibrations. The corresponding band in the spectrum of Z n (N 0 3)2L2 appears at 406 cm "1. The narrow frequency interval, in which both v (Z n -O ) bands are observed in the case of zinc halide complexes shows that the metal-oxygen bonds in the zinc halide complexes investigated are not affected by the halogen bonded to the zinc atom.
The spectra exhibit bands characteristic for Zn-halogen and Z n -N 0 3 bonds [11, 16, 23, 24] . The positions are typical for tetrahedral complexes of the type ZnX 2Y 2 (Y is the m onodentate tertiary phosphine oxide ligand) [5, 12, 14, 21, 25] .
!H N M R spectra
The N M R spectra of the complexes are indentical with the 'H N M R spectrum of the free li gand (Table IV) 
It is noteworthy that the 2JP H values for the methy lene protons (C H 2-P = 0 ) in the complexes are doubled as com pared to the free ligand, while the 2/ p h values for the methyl protons (C H 3-P = 0 ) are changed only negligibly.
X-ray diffraction studies
The diffraction patterns of the complexes are shown in Fig. 1 . The spectra of the halide com plexes are indentical, which is an indication that the compounds are isostructural. The reflections are shifted towards lower angles in the order chlo ride, bromide, iodine, following the values of the ionic radii CI" < Br~ < I ". The observed shifts cor relate with the shifts of v(P = 0 ) observed in the in frared spectra (see Table III ). The pattern of Z n (N 0 3)2L2 differs considerably from those of the halide complexes. 
